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(54) Charge transfer apparatus and driving method thereof 



(57) A charge transfer apparatus which is capable 
of reliably improving the transfer efficiency of an output 
gate section while preventing the occurrence of cou- 
pling to output waveforms. A two-phase driving-type 
charge transfer apparatus is constructed as follows. 
Transfer clock $H2 used for driving the stage one prior 
to the final stage of a charge transfer section is divided 



at a predetermined ratio through the use of two resis- 
tors. This causes the generation of drive pulse <j>OG in 
phase with and of a smaller amplitude than transfer 
clock <|>H2. A gate electrode of an output gate section is 
driven by this drive pulse <|>OG. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to a charge 
transfer apparatus and a driving method of the appara- 
tus. In particular, the invention relates to a two-phase 
driving-type charge transfer apparatus suitable for use 
as horizontal transfer registers of a CCD area sensor, 
transfer registers of a CCD linear sensor, and transfer 
registers of a CCD delay device. The invention also 
relates to a driving method of the above type of charge 
transfer apparatus. 

Description o f the Related Art 

The following driving method is mainly employed in 
a two-phase driving-type CCD charge transfer appara- 
tus. As shown in Fig. 7, a predetermined DC-bias poten- 
tial E is applied to a gate electrode 74 of an output gate 
section 73 through which signal charges are transferred 
from the final stage (4>H1) of a charge transfer section 
71 to a charge detecting section 72. This method is 
advantageous in that the application of DC bias to the 
gate electrode 74 of the output gate section 73 reduces 
the level of "coupling" caused by clock driving. "Cou- 
pling" refers to fluctuations of a waveform due to capac- 
itive coupling caused by a parasitic capacitor between 
the gate electrode 74 of the output gate section 73 and 
the floating region of the charge detecting section 72. 

The charge transfer apparatus of the above type of 
which DC bias is applied to the gate electrode 74 of the 
output gate section 73, on one hand, has the advantage 
of reducing the level of coupling to the output waveform, 
but on the other hand, presents the following problem. 
The potential of the output gate section 73 is fixed. This 
decreases, as shown in Fig. 8, the transfer potential dif- 
ference A<|>1 between the final stage of the charge trans- 
fer section 71 and the output gate section 73 to one half 
of the amplitude of each of the transfer clocks <t>H1 and 
<|>H2 of the charge transfer section 71 or even smaller, 
the potential difference A<|>1 determining the amount of 
charge to be handled in the final stage of the charge 
transfer section 71 , thereby easily decreasing the trans- 
fer efficiency of the output gate section 73. 

For solving this problem, the following type of 
charge transfer apparatus is known, as disclosed in 
Japanese Patent Laid-Open No. 6-78220: the appara- 
tus in which the transfer clock for driving the stage one 
prior to the final stage of the charge transfer section is 
differentiated, and the resulting differential waveform is 
applied to the gate electrode of the output gate section. 
That is, as indicated by the construction of the appara- 
tus shown in Fig. 9. transfer clock <|>H2 for driving the 
stage one prior to the final stage of a charge transfer 
section 91 is differentiated by a CR differentiating circuit 



92, and an output gate section 93 is driven by the result- 
ing differential waveform. 

With this construction, the differential waveform is 
applied to an output electrode 94 while signal charges 
5 are transferred from the final stage of the charge trans- 
fer section 91 to a charge detecting section 95 via the 
output gate section 93. This temporarily increases the 
potential of the output gate section 93, during which the 
transfer potential difference A<|>1 between the final stage 
w of the charge transfer section 91 and the output gate 
section 93 becomes larger, thus enhancing the transfer 
efficiency of the output gate section 93. 

However, the conventional charge transfer appara- 
tus constructed as described above encounters the foi- 
ls lowing problems. Transfer clock <t>H2 is differentiated 
and then applied to the gate electrode 94 of the output 
gate section 93. The transfer potential difference A<J>1 
can thus be temporarily increased only during this differ- 
entiating period, which is insufficient for the transfer 
20 period. Additionally, there presents no problem at all if 
the phases of two-phase transfer clocks *H1 and <|>H2 
are completely reversed to each other, as indicated by 
the solid lines shown in Fig. 10. If transfer clock <|>H2 is, 
however, out of phase as indicated by the broken line 
25 shown in Fig. 10, after the differential waveform has dis- 
appeared, transfer clock <|>H1 is changed to the "L" level, 
and transfer clock <j>H2 is changed to the "H" level. In this 
state, the transfer operation of signal charges from the 
final stage of the charge transfer section 91 to the 
30 charge detecting section 95 is started. Thus, the forego- 
ing advantages cannot be obtained. 

SUMMARY OF THE INVENTION 

35 Accordingly, in view of this background, it is an 
object of the present invention to provide a charge 
transfer apparatus in which the transfer efficiency of an 
output gate section can be positively improved while the 
occurrence of coupling to output waveforms is pre- 

40 vented, and also to provide a driving method of the 
above type of charge transfer apparatus. 

In order to achieve the above object, the present 
invention provides a charge transfer apparatus compris- 
ing: a charge transfer section for receiving transfer 

45 clocks and transferring signal charges; an output gate 
section located in the vicinity of the final stage of the 
charge transfer section; a charge detecting section 
located in the vicinity of the output gate section and 
detecting the signal charges transferred from the 

so charge transfer section; and means for generating a 
dock substantially in phase with and of a smaller ampli- 
tude than one of the transfer clocks and supplying the 
generated clock to the output gate section. 

The present invention also provides a method for 

55 driving a charge transfer apparatus of the type which 
comprises a charge transfer section, an output gate 
section located in the vicinity of the charge transfer sec- 
tion, and a charge detecting section located in the vicin- 
ity of the output gate section, the method comprising the 
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steps of: supplying multi-phase transfer clocks to the 
charge transfer section; and supplying a clock substan- 
tially in phase with and of a smaller amplitude than one 
of the transfer clocks to the output gate section. 

In the charge transfer apparatus discussed above, 5 
the transfer clock for driving the stage one prior to the 
final stage of the charge transfer section is divided 
through the use of resistors, thereby obtaining a drive 
pulse in phase with and of a smaller amplitude than the 
transfer clock. By the application of this drive pulse to 
the electrode of the output gate section, the potential of 
the output gate section becomes higher while the signal 
charge is transferred from the final stage of the charge 
transfer section to the charge detecting section. This 
increases the transfer potential difference between the 
final stage of the charge transfer section and the output 
gate section, thereby increasing the transfer efficiency 
of the output gate section. 

According to the foregoing driving method, a drive 
pulse is generated which is in phase with and of a 
smaller amplitude than the transfer clock for driving the 
stage one prior to the final stage of the charge transfer 
section. By the application of this drive pulse to the elec- 
trode of the output gate section, the potential of the out- 
put gate section becomes higher during the period of 
transferring signal charges from the final stage of the 
charge transfer section to the charge detecting section. 
This increases the transfer potential difference between 
the final stage of the charge transfer section and the 
output gate section, thereby enhancing the transfer effi- 
ciency of the output gate section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of the construction of 
an embodiment of a charge transfer apparatus 
according to the present invention; 
Fig. 2 is a waveform diagram of clock pulses illus- 
trating the operation of the charge transfer appara- 
tus; 

Fig. 3 is a potential diagram illustrating the opera- 
tion of the charge transfer apparatus; 
Fig. 4 is a schematic diagram of the construction of 
another embodiment of a charge transfer apparatus 
according to the present invention; 
Fig. 5 is a sectional view of the construction of 
another embodiment; 

Fig. 6 is a schematic diagram of an example of 
applications for a floating gate amplifier; 
Fig. 7 is a schematic diagram of the construction of 
an example of conventional charge transfer appara- 
tuses; 

Fig. 8 is a potential diagram of an example of con- 
ventional charge transfer apparatuses; 
Fig. 9 is a schematic diagram of the construction of 
another example of conventional charge transfer 
apparatuses; and 

Fig. 10 is a waveform diagram illustrating the prob- 
lems inherent in the conventional apparatuses. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A detailed description will now be given of embodi- 
ments of the present invention with reference to the 
drawings. 

Fig. 1 is a schematic diagram of the configuration of 
an embodiment of a charge transfer apparatus accord- 
ing to the present invention. In Fig. 1 , an n-type channel 
13 is formed adjacent to the surface of an n-type semi- 
conductor substrate 1 1 across a p-type well 12. Formed 
in the surface portion of the n-type channel 13 are n~- 
type transfer (TR) regions 1 5 at regular pitches from the 
side to side direction of Fig. 1. A channel region formed 
between the transfer regions 15 acts as a storage (ST) 
region 14. Electrodes 16 formed of a first polysilicon 
layer and electrodes 1 7 formed of a second polysilicon 
layer are formed above the storage region 14 and the 
transfer regions 15, respectively, across an insulating 
film (not shown). The adjoining electrodes 16 and 17 
pair off with each other, and two-phase transfer clocks 
4>H1 and 4>H2 are alternately applied to the pairs of elec- 
trodes 1 6 and 1 7 in the direction in which the electrodes 
are arranged. In this manner, a two-phase driving-type 
charge transfer section 18 is constructed. 

In this charge transfer section 18, a gate electrode 
19 comprised of the second polysilicon layer is formed 
adjacent to the final stage of the electrode 16. The gate 
electrode 19 and the channel region below constitute an 
output gate section 20 in which each of first and second 
resistors R1 and R2 is electrically connected at one end 
to the gate electrode 19. The first resistor R1 is electri- 
cally connected at the other end to the ground acting as 
the reference potential. Also, transfer clock <|>H2 for driv- 
ing the stage one prior to the final stage of the charge 
transfer section 18 is applied to the other end of the sec- 
ond resistor R2. Accordingly, transfer clock <(>H2 is 
divided at a predetermined ratio through the use of the 
first and second resistors R1 and R2 and is then applied 
as drive pulse <|>OG to the gate electrode 19. Namely, 
the output gate section 20 is driven by drive pulse 4>OG 
in phase with and of a smaller amplitude than transfer 
clock <)>H2. It should be noted that the dividing ratio of 
the first and second resistors R1 and R2 is selected as 
desired according to necessity. 

The signal charge transferred by the charge trans- 
fer section 18 is output to a charge detecting section 21 
via the output gate section 20. The charge detecting 
section 21 is constructed of, for example, a floating dif- 
fusion amplifier comprising an N + -type floating diffusion 
(FD) region 22 disposed in the vicinity of the output gate 
section 20, an N + -type reset drain (RD) 24 formed next 
to the floating diffusion region 22 across a channel 
region 23, and a reset gate (RG) 25 above the channel 
region 23 via an insulating film (not shown). In this 
charge detecting section 21 , constant reset voltage Vrd 
is applied to the reset drain 24, while reset gate pulse 
<|>RG is applied to the reset gate 25. A signal charge 
injected into the floating diffusion region 22 is converted 
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to a voltage and discharged to the exterior through a 
buffer 26. 

Fig. 2 illustrates waveforms of two phase transfer 
clocks <|>H1 and <|>H2, drive pulse 4>OG applied to the out* 
put gate section 20 and reset gate pulse <|>RG. The s 
operation performed at time t1 to t3 of this waveform 
diagram will now be explained with reference to Fig. 3. 
Fig. 3 illustrates the potential statuses corresponding to 
time t1 to t3, respectively. At time t1 transfer clock <|>H1 
is at the TT level (power supply level), while transfer 10 
clock <|>H2 is at the "L" level (ground level). In this state, 
the stage to which clock <J>H1 is applied (hereinafter 
referred to as the 4>H1 stage) has a higher potential, 
while the stage to which clock <|>H2 (hereinafter referred 
to as the <>H2 stage) is applied has a lower potential, is 
and accordingly, the signal charge accumulated in the 
storage region 14 of the <|>H2 stage is transferred to the 
storage region 14 of the <|>H1 stage. At this time, since 
reset gate pulse <|>RG is also at the "H" level, the poten- 
tial under the reset gate 25 accordingly becomes higher. 20 
The potential of the floating diffusion region 22 is thus 
reset to potential Vrd of the reset drain 24. 

Then, at time t2 transfer clocks <|>H1 and <|>H2 are in 
the same state of those at time t1 , which does not cause 
a change in the potentials of the respective <J»H1 and 25 
<|>H2 stages, and the signal charge remains accumulat- 
ing in the storage region 14 to which transfer pulse <J>H1 
is applied. At this time, reset gate pulse <|>RG makes a 
transition from the "H" level to the "L n level so as to 
cause the potential under the reset gate 25 to change 30 
from the higher to the lower state. 

At time t3 transfer clock <|>H1 is at the n L n level, while 
transfer clock 4»H2 is at the "H" level. In this state, in the 
charge transfer section 18 the <J>H1 stage has a lower 
potential, while the 4>H2 stage has a higher potential, 35 
whereby the signal charge accumulated in the storage 
region 14 of the <|>H1 stage is transferred to the floating 
diffusion region 22 through the output gate section 20. 
During this transfer period, drive pulse <|>OG is applied to 
the gate electrode 19 of the output gate section 20. 40 
Thus, the potential of the output gate section 20 
becomes higher by an amount equivalent to the peak 
value of drive pulse <|>OG, as indicated by the broken line 
shown in Fig. 3. This increases the transfer potential dif- 
ference A<j>2 between the final stage of the charge trans- 4s 
fer section 18 and the output gate section 20. 

As discussed above, the output gate section 20 is 
driven by drive pulse 4>OG in phase with and of a smaller 
amplitude than transfer clock $H2. With this arrange- 
ment, during the transfer operation in which the signal so 
charge accumulated in the final <f>H1 stage of the charge 
transfer section 1 8 is transferred to the floating diffusion 
region 22 via the output gate section 20, the transfer 
potential difference A<|>2 between the final stage of the 
charge transfer section 18 and the output gate section ss 
20 is increased, thereby improving the transfer effi- 
ciency of the output gate section 20. 

In particular, drive pulse <|>OG in phase with and of 
a smaller amplitude than transfer clock <|>H2, which is 



obtained by dividing transfer clock <|>H2 through the use 
of resistors, can be generated by a simple construction 
without requiring phase control. Further, although the 
clock driving method is employed in which the output 
gate section 20 is driven in synchronization with transfer 
pulse <(>H2. drive pulse <|>OG has a smaller amplitude 
than transfer clock <(>H2, thereby inhibiting coupling to 
the output waveforms to a minimal level. 

Fig. 4 is a schematic diagram of the configuration of 
another embodiment of a charge transfer apparatus 
according to the present invention. The same elements 
as those shown in Fig. 1 are designated by like refer- 
ence numerals. This embodiment is constructed in such 
a manner that among the first and second resistors R1 
and R2 connected to the gate electrode 19, part (R2a) 
of second resistor R2 is connected in parallel to a 
speed-up capacitor C. The other elements are similar to 
those of the construction shown in Fig. 1, and an expla- 
nation thereof will thus be omitted. The first and second 
resistors R1 and R2 can be formed, for example, by pat- 
terning a polysilicon (Poly) electrode 51 into the form of 
an elongated rod, as shown in Fig. 5. On the other hand, 
the speed-up capacitor C can be formed between the 
polysilicon electrode 51 and an aluminum (Al) electrode 
52 simply by patterning the aluminium electrode 52 on 
part of the polysilicon electrode 51 . 

The reason for the addition of the speed-up capac- 
itor C will be given below. The presence of parasitic 
capacitance in the gate electrode 19 of the output gate 
section 20 would cause the formation of a CR integrat- 
ing circuit between the first and second resistors R1 and 
R2 connected to the gate electrode 19. Then, it would 
be suspected that the waveform of drive pulse $OG 
obtained by dividing transfer clock <|>H2 through the use 
of resistors may be distorted as indicated by the broken 
line in Fig. 2. This problem can be solved by setting the 
respective resistances of the first and second resistors 
R1 and R2 to smaller values, which then arises the new 
problem of decreasing the input impedance of the por- 
tion to which transfer clock <|>H2 is applied and increas- 
ing the power consumption of the driver for transfer 
clock <|>H2. 

In contrast, in this embodiment the speed-up 
capacitor C is connected in parallel to part (R2a) of the 
second resistor R2. With this construction, transfer 
dock <|>H2 is applied via the speed-up capacitor C dur- 
ing the rising and falling periods of transfer clock <|>H2, 
whereby the possible distorted waveform of drive pulse 
4>OG caused by the CR integrating circuit can be 
avoided by a simple construction. Accordingly, drive 
pulse 4>OG free from waveform distortion can be 
obtained as indicated by the solid line shown in Fig. 2. 
This sufficiently increases the transfer potential differ- 
ence A<(>2 between the final stage of the charge transfer 
section 18 and the output gate section 20, thus enhanc- 
ing the transfer efficiency. 

Although in this embodiment only part (R2a) of the 
second resistor R2 is connected in parallel to the speed- 
up capacitor C, it may be wholly connected thereto. 
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Moreover, the capacitance of the speed-up capacitor C 
and the resistance of the portion (R2a) connected in 
parallel to the capacitor C may be set as desired 
according to necessity. Further, the foregoing embodi- 
ments have been discussed in such a manner that the 5 
charge detecting section 21 is constructed of a floating 
diffusion amplifier. However, this is not exclusive; for 
example, the charge detecting section 21 may be 
applied to a floating gate amplifier, as illustrated in Fig. 
6. In this case, however, the two output gate sections 10 
20, i.e., OG1 and OG2, are present Among these, the 
output gate section OG1 should be driven by drive pulse 
<t>OG that is obtained by dividing through resistors (R1, 
R2) transfer clock $H2 for driving the stage one prior to 
the final stage of the charge transfer section. Addition- 15 
ally, although the two-phase driving-type charge trans- 
fer section has been employed in the foregoing 
embodiments, the present invention is applicable to a 
charge transfer apparatus driven by a multi-phase driv- 
ing method. 20 

As will be clearly understood from the foregoing 
description, the present invention offers the following 
advantages. 

The output gate section is driven by a drive pulse in 
phase with and of a smaller amplitude than the transfer 25 
clock used for driving the stage one prior to the final 
stage of the charge transfer section. With this arrange- 
ment, the transfer potential difference between the final 
stage of the charge transfer section and the output gate 
section can be made larger while the signal charge 30 
accumulated in the final stage of the charge transfer 
section is transferred to the charge detecting section via 
the output gate section. This improves the transfer effi- 
ciency of the output gate section and also minimizes the 
level of coupling to the output waveform by virtue of a 35 
smaller amplitude of the drive pulse. These advantages 
can be presented particularly in response to a trend 
toward smaller amplitudes of the transfer clocks along 
with lower power voltages of chips. In other words, the 
present invention can contribute to a decrease in power 40 
voltage of chips. 

Also, the transfer clock for driving the stage one 
prior to the final stage of the charge transfer section is 
divided through the use of resistors so as to obtain a 
drive pulse for the output gate section. It is thus possible 45 
to generate a drive pulse in phase with and of a smaller 
amplitude than the transfer clock without requiring an 
additional external terminal or phase control. This easily 
implements a circuit for producing the drive pulse to be 
applied to the output gate section. The charge transfer so 
apparatus of the present invention is applicable to hori- 
zonal transfer registers for use in a CCD area sensor, 
transfer registers employed in a CCD linear sensor, and 
transfer registers for use in a CCD delay device. 

ss 

Claims 

1 . A charge transfer apparatus comprising : 



a charge transfer section for receiving transfer 
clocks and transferring signal charges; 
an output gate section located in the vicinity of 
the final stage of said charge transfer section; 
a charge detecting section located in the vicin- 
ity of said output gate section and detecting the 
signal charges transferred from said charge 
transfer section; and 

means for generating a clock substantially in 
phase with and of a smaller amplitude than one 
of said transfer clocks and supplying the gener- 
ated clock to said output gate section. 

2. A charge transfer apparatus according to claim 1 , 
wherein said means comprises a first resistor con- 
nected at one end to a reference potential and at 
the other end to said output gate section, and a sec- 
ond resistor receiving one of said transfer clocks at 
one end and being connected to said output gate 
section at the other end. 

3. A charge transfer apparatus according to claim 1 , 
wherein said transfer clocks are comprised of two 
phases. 

4. A charge transfer apparatus according to claim 1 , 
wherein the clock having a smaller amplitude sup- 
plied to said output gate section is out of phase with 
the transfer clock supplied to the final stage of said 
charge transfer section. 

5. A charge transfer apparatus according to claim 1 , 
wherein said charge detecting section is a floating 
diffusion amplifier. 

6. A charge transfer apparatus according to claim 1 , 
wherein said charge detecting section is a floating 
gate amplifier. 

7. A charge transfer apparatus according to claim 2, 
wherein a capacitor is connected in parallel to at 
least part of said second resistor. 

8. A charge transfer apparatus comprising: 

a charge transfer section for receiving two- 
phase transfer clocks and transferring signal 
charges; 

an output gate section located in the vicinity of 
the fined stage of said charge transfer section; 
a charge detecting section located in the vicin- 
ity of said output gate section and detecting the 
signal charges transferred from said charge 
transfer section; 

a first resistor connected at one end to a refer- 
ence potential and at the other end to said out- 
put gate section; and 

a second resistor receiving one of said transfer 
clocks, which drives a stage one prior to the 
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final stage of said charge transfer section, at 
one end and being connected to said output 
gate section at the other end. 

9. A charge transfer apparatus according to claim 8, s 
wherein a capacitor is connected in parallel to at 
least part of said second resistor. 

10. A method for driving a charge transfer apparatus of 
the type which comprises a charge transfer section, w 
an output gate section located in the vicinity of said 
charge transfer section, and a charge detecting 
section located in the vicinity of said output gate 
section, said method comprising the steps of: 

75 

supplying multi-phase transfer clocks to said 
charge transfer section; and 
supplying a clock substantially in phase with 
and of a smaller amplitude than one of said 
transfer clocks to said output gate section. 20 

11. A method for driving a charge transfer apparatus 
according to claim 10, wherein the clock having a 
smaller amplitude supplied to said output gate sec* 
tion is out of phase with the transfer clock supplied 25 
to the final stage of said charge transfer section 
adjacent to said output gate section. 
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